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Abstract
Background: Different methods exist to estimate smoking attributable cancer mortality rates
(Peto and Ezzati methods, as examples). However, the smoking attributable estimates using these
methods cannot be generalized to all population sub-groups. A simpler method has recently been
developed that can be adapted and applied to different population sub-groups. This study assessed
cumulative tobacco smoke damage (smoke load)/non-lung cancer mortality associations across
time from 1979 to 2003 among all Massachusetts males and ages 30–74 years, using this novel
methodology.
Methods: Annual lung cancer death rates were used as smoke load bio-indices, and age-adjusted
lung/all other (non-lung) cancer death rates were analyzed with linear regression approach. Non-
lung cancer death rates include all cancer deaths excluding lung. Smoking-attributable-fractions
(SAFs) for the latest period (year 2003) were estimated as: 1-(estimated unexposed cancer death
rate/observed rate).
Results: Male lung and non-lung cancer death rates have declined steadily since 1992. Lung and
non-lung cancer death rates were tightly and steeply associated across years. The slopes of the
associations analyzed were 1.69 (95% confidence interval (CI) 1.35–2.04, r = 0.90), and 1.36 (CI
1.14–1.58, r = 0.94) without detected autocorrelation (Durbin-Watson statistic = 1.8). The lung/
non-lung cancer death rate associations suggest that all-sites cancer death rate SAFs in year 2003
were 73% (Sensitivity Range [SR] 61–82%) for all ages and 74% (SR 61–82%) for ages 30–74 years.
Conclusion: The strong lung/non-lung cancer death rate associations suggest that tobacco smoke
load may be responsible for most prematurely fatal cancers at both lung and non-lung sites. The
present method estimates are greater than the earlier estimates. Therefore, tobacco control may
reduce cancer death rates more than previously noted.
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Background
Estimation of mortality caused by tobacco use is an essen-
tial basis for state, national, and international tobacco
control efforts. Cancer mortality, which accounts for an
estimated annual 1.4 million or one third of, deaths glo-
bally, due to smoking [1], is of particular importance.
Recent estimates of smoking-attributable cancer mortality
utilize lung cancer mortality data as an indicator of the
accumulated hazards of tobacco smoking and tightly link
several temporal, ethnic, and geographic cancer mortality
disparities to smoking [1,2]. However, those indirect esti-
mates have at least two flaws. In the authors' words, the
Peto estimates are based on a "simple halving of the excess
risk [linked to smoke exposure which] is obviously not a
satisfactory procedure, for it is crude and arbitrary and
may seriously underestimate some of the true hazards of
tobacco" [3]. And both estimates are based in part on the
Cancer Prevention Study (CPS) – II, which has considera-
ble selection, exposure misclassification, and other biases
[3-5]; and they may seriously underestimate the actual
smoking attributable mortality. Further, the absolute
death rates among the non-smokers and the smokers (and
thus the smoker/nonsmoker death rate ratios) in the CPS-
II study cannot be generalized over the US population
[3,6].
A simpler method for computing cumulative tobacco
smoke damage has recently been introduced. This method
utilizes the associations between lung cancer ("smoke-
load") and non-lung cancer death rates across all cancer
sites. The smoke-load method may be more representa-
tive, less biased, and provide better population-specific
smoking attributable fractions (SAFs) than prior methods
[7-9].
Since Peto's method was introduced in the 1990s [3], sev-
eral cancers have been found to be tobacco-related. These
include some of the most common cancers around the
world such as cancers of the stomach, liver, uterine cervix,
kidney (renal cell carcinoma), and myeloid leukemia. In
addition, the cancer risks of tobacco smoking when com-
bined with exposure to other known carcinogens are
greatly enhanced for some cancer sites (http:www.iarc.fr/
en/Media-Centre/IARC-Press-ReleaseArchives-2003-
1998/2002/IARC-monographs-pro gramme-declares-sec-
ond-hand-smoke-carcinogenic-to-humans).
In summary, different methods exist to estimate smoking
attributable cancer mortality rates (Peto and Ezzati meth-
ods, as examples). However, the smoking attributable
estimates using these methods cannot be generalized to
all population sub-groups. A simpler method has recently
been developed that can be adapted and applied to differ-
ent population sub-groups. The smoke-load method has
been applied to different populations at other time peri-
ods [6-9]. In this study, we assessed cumulative tobacco
smoke damage (smoke load)/non-lung cancer mortality
associations across time from 1979 to 2003 among all
Massachusetts males and ages 30–74 years.
Methods
The present analysis excludes certain groups with varia-
tions in cancer death rates due to causes other than smok-
ing in order to increase the sensitivity to detect
associations between smoking rates and non-lung cancer
death rates. Non-lung cancer deaths refer to death rates
from cancers other than lung cancer. Factors other than
smoking that are known to cause variations in cancer mor-
tality rates are: a) changes in female pharmacological
estrogen and anti-estrogen treatments, mammography, or
hysterectomy; b) child cancer treatment changes; c) stom-
ach cancer mortality declines from 1930 to approximately
1979 associated with historical changes in environmental
factors such as Helicobacter Pylori infection; d) historical
changes in the classification of general causes of death
such as changes in the International Classification of Dis-
eases (ICD) and changes associated with improved cancer
biopsy rates and classification associated with the 1970s
Medicare and 1971 National Cancer Acts; and g) less diag-
nostic specificity at older ages.
Each of the above factors are less likely to substantially
affect more recent triennial cancer death rates among mid-
dle-aged males, a population with high smoking preva-
lence and low cause of death misclassification rates [10].
Therefore, annual and triennial time-series rates among
males aged 30–74 years during the calendar years since
initiation of ICD 9th revision use in 1979 are analyzed in
this study. Non-lung-cancer death rates were determined
by subtracting lung-cancer rates from all sites cancer rates.
Published mortality rates per 100,000 from the National
Center for Health Statistics [11,12] were used adjusted to
the 2000 US Standard Million population. Lung cancer
death rates were used as a smoke load bioindex [7]. Linear
regression analyses were performed with lung and non-
lung cancer rate as the independent and dependent varia-
ble, respectively.
Smoking attributable fractions (SAF) and their sensitivity
range (SR) were calculated using the formula SAF = 1 –
(estimated unexposed cancer death rate)/(observed rate)
based on the observed lung/non-lung cancer death rate
relationship and 95% confidence intervals (CI) and esti-
mated all sites cancer death rate among unexposed per-
sons of 63 (SR 43 to 93) per 100,000. The unexposed rates
used are, respectively, the recent cancer death rates
observed among male South Asian Californians [13],
female Asian Indian Americans excluding breast, cervix,
endometrial, and ovary (female-specific) cancers, [13].BMC Cancer 2008, 8:341 http://www.biomedcentral.com/1471-2407/8/341
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The estimates based on the linear association of Massa-
chusetts male lung/non-lung cancer death rates across the
years 1979–1988 and 1995–2001 (when prostate cancer
death misclassification was rare) and the lung cancer
death rate observed among United States White male
"never-smokers" (16.8 lung cancer deaths/100,000 refer-
enced in Cancer Prevention Study II [CPS]) were multi-
plied by 0.75, which is the minimum reduction required
to adjust the rate from the CPS II age standard to the 2000
US age standard population [14].
Cancer death rates in the unexposed male population,
aged 30–74 years, were estimated by multiplying the all-
age male cancer death rates by 0.95, which is equal to the
ratio of ages 30–74 years/all ages Massachusetts male all
sites cancer death rates averaged across 2002–2003 per the
US Centers for Disease Control, Wide-ranging OnLine
Data for Epidemiologic Research system (CDC WON-
DER) [15].
Results
Massachusetts male cancer death rates peaked in the early
1990s, including the rates for all sites, and non-lung can-
cer death rates for all age groups and for the 30–74 years
age group (Figure 1). A plot of the annual lung cancer
death rates against their corresponding non-lung cancer
death rate reveals a strong lung/non-lung cancer death
rate association among males of all ages and an even
stronger association among males aged 30–74 years (Fig-
ures 2 and 3). The slopes of these associations are 1.69
(95% CI 1.35–2.04, r = 0.90), or 1.36 (CI 1.02–1.96, r =
0.95) when adjusted for possible autocorrelation) and
1.36 (CI 1.14–1.58, r = 0.94) without detected autocorre-
lation (Durbin-Watson statistic = 1.8), respectively.
Figure 3 also shows a scatterplot of the triennial rates from
1980–2003, the slope of which is 1.44 (CI 1.10–1.78, r =
0.97) without detected autocorrelation (Durbin-Watson
statistic = 1.98). The lung/non-lung cancer death rate
associations suggest that year 2003 all-sites male cancer
death rate SAFs are 73% (SR 61–82%) across all ages and
74% (SR 61–82%) for males aged 30–74 years, or 196
deaths per 100,000.
Discussion
The strong lung/non-lung cancer death rate associations
observed among Massachusetts males suggest that
tobacco smoke load is a potential cause of most prema-
turely fatal cancers in this population. These associations
suggest that all-sites cancer death rate SAFs are 73% (SR
61–82%) for males over all ages and 74% (SR 61–82%)
for males aged 30–74 years.
SAFs of age-adjusted cancer death rates calculated by this
methodology are substantially higher than the cancer
death rate SAFs calculated based on the CPS II relative
Male lung and non-lung cancer death rates by year and years of age in Massachusetts Figure 1
Male lung and non-lung cancer death rates by year and years of age in Massachusetts.
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risks. The present method incorporates all non-lung can-
cers; sizeable, representative, recent male populations;
and age-adjusted death rates, which are the most reliable
measure of progress in global action against cancer [16].
In contrast, previous calculations of SAF were generally
based on sometimes outdated lists of smoking-related
cancer sites [1,17]; tobacco smoke exposure based on
smoking status, which extensively underestimates or mis-
classifies due to brief, unrecognized, disregarded, unre-
called or secondhand smoke exposure [4,18]; as well as
select smaller, racially homogeneous populations, that are
unrepresentative of the general population or even of
Whites only [5,6,19].
The limitations of this study are noted. Extrapolation
from population-level associations has previously
resulted in inaccurate estimates of individual relative risk
due to the ecologic fallacy [20]. The results of these analy-
ses may be unrepresentative of the association among
females, in other US states, or of longer-term trends prior
to ICD-9. The associations observed do not distinguish
between types of smoking exposure due to in-utero, other
secondhand smoke, sensitive stage (teenage) [21], or
active smoking since smoke load reflects cumulative life-
time damage [22].
The validity of the present findings is reinforced by the
strong and consistently positive smoke load/cancer death
associations seen over time among both males of all ages
and aged 30–74 years. In an earlier analysis among Black
US males, lung cancer death rates predicted approxi-
mately 98% and 97% of the variances in non-lung cancer
death rates throughout the 34% rise from 1969–1990 and
the subsequent decline of 11% from 1990–2000, respec-
tively [8]. The present analysis of more recent, and more
representative data, including comprehensive smoke load
estimation, concurrent with outcome assessments is in
contrast to the use of less recent and less-representative
data reported in most cohort studies to date [4,5,19] and
less reliable and comprehensive point exposure measures.
Those measures are often based on single smoking self-
Scatter plot of male lung versus non-lung cancer death rates (earliest points and latest points) in Massachusetts (line segments  connect consecutive years) Figure 2
Scatter plot of male lung versus non-lung cancer death rates (earliest points and latest points) in Massachu-
setts (line segments connect consecutive years).
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report observations that were assessed as long as decades
before the measured outcomes [22].
SAFs can be inaccurate and misleading under various cir-
cumstances such as omission of certain smoking-attribut-
able cancers, use of unrepresentative relative risks,
misclassified exposure status, and incomplete disclosure
of assumptions concerning sensitivity. SAFs that are based
on site-specific cancer death relative risks assume that
smoking causes no cancer deaths at other cancer sites. The
error in this assumption has been shown repeatedly in
subsequent studies linking smoking to additional cancer
sites [23]. Artificially low relative risk estimates might
result from high smoke exposures and death rates among
"never smokers" in the cohort or from unrepresentatively
low exposures and death rates among "smokers" due to
Scatter plot of male lung cancer death rates versus all other cancer death rates at ages 30–74 years (earliest and latest points)  and from 1980 to 2003 by triennium in Massachusetts (line segments connect consecutive years) Figure 3
Scatter plot of male lung cancer death rates versus all other cancer death rates at ages 30–74 years (earliest 
and latest points) and from 1980 to 2003 by triennium in Massachusetts (line segments connect consecutive 
years).
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low prior smoking or accelerated quitting among smokers
informed of the risk of premature death.
Each of the above issues appears to be present in the CPS
II cohort and the smoke effect estimates that are based on
it. The CPS II definition of "lifelong never smoker" likely
included many irregular, brief, or forgetful smokers and
only excluded persistent, regular smokers (persons had
who smoked at least one cigarette per day for one year)
[24]. Most CPS II "smokers" resurveyed at twelve years
denied current smoking [4]. This might help to explain
the reason that concurrent national average male death
rates greatly exceeded the average CPS II male death rates
for all causes [4] and exceeded even the CPS II "smoker"
lung cancer death rate at ages 35–49 years [7,15,24].
The smoke load/non-lung cancer death rate ratios
observed in this study are remarkably consistent across
time. Smoke load variation provides a likely and possibly
causal explanation for a large majority of the cancer death
rate disparities studied to date (see results) [7,9,13]. Lung
cancer death rates (smoke load) can explain 88% of the
variance in non-lung-stomach-uterine corpus rates from
1985 to 2004 among Korean females [9]. The estimated
Korea female all-sites cancer death rate SAF in 2004 was
43% (sensitivity range 29–56%) [9]. Residual confound-
ing from smoke load variations [22] may be an explana-
tion for associations found in prior studies between
cancer deaths and other epidemiological risk factors, such
as cooking or outdoor air pollution, diets, industrial expo-
sures, or medical treatments, made independently of
smoking status or other poor proxies for smoke load [25-
29]. Alternatively, those non-tobacco exposures may the-
oretically cause premature lung and non-lung cancer
deaths in the same ratio as does smoke exposure.
Nonetheless, the temporal trends of lung cancer epidem-
ics in most countries seem to be more compatible with
smoking patterns than with cooking, other air pollution,
oral tobacco, or nutrition-driven epidemics. Other than
declining death rates attributable to effective treatments
for uterine, breast and cervical cancer, most currently
available cancer treatments may have as little effect on
smoke loads and premature mortality as treatments for
premature mortality due to HIV, Kaposi's sarcoma, and
pneumocystosis had before anti retrovirals were found
that reduced HIV loads [30].
Conclusion
In conclusion, the finding of consistent, strong associa-
tions observed between smoke load and most cancer mor-
tality and the large SAFs [7] stresses the significance of
increasing support for tobacco control research, science,
and policy. Further research is needed to develop bio-
chemical measures of individual smoke load, study cancer
disparities among larger racially diverse populations, and
examine the reasons for the varying degrees of association
observed between lung cancer and other cancer death
rates among various populations [7,9,13]. Until such val-
idated robust biochemical measures for individual
tobacco load are developed or refined, simpler and less
biased methods such as the smoke load method can be
adapted and applied to different population sub-groups.
Nonetheless, the improved ability to assess the popula-
tion effect of tobacco smoke damage can be used to better
inform cancer control policy including the regulation of
tobacco products and smoking in public places.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
BNL conceived the study design, ZK, LC and GNC secured
funding, ZK liaised with the UC Davis and supervised the
study; BNL contributed to data collection and performed
the analyses, with contributions from ZK and HA; BNL,
ZK and HA prepared the original draft manuscript, with
inputs from LC and GNC. The funding agency had no role
in the study design, interpretation of results or decision to
publish. All the authors contributed to the manuscript
writing and have approved the final version. BNL is the
guarantor of this paper.
Acknowledgements
Dr Zubair Kabir holds a joint research fellowship from the Health Research 
Board (Ireland) and the National Cancer Institute (US) and was a Research 
Fellow at the Harvard School of Public Health (Boston) at the time of the 
study. Dr Bruce Leistikow is the Adjunct Associate Professor, who secured 
funding from the UC Davis to partly fund this project.
References
1. Ezzati M, Henley SJ, Lopez AD, Thun MJ: Role of smoking in global
and regional cancer epidemiology: Current patterns and
data needs.  Int J Cancer 2005, 116:963-971.
2. Shultz JM, Novotny TE, Rice DP: Quantifying the disease impact
of cigarette smoking with SAMMEC II software.  Public Health
Rep 1991, 106:326-333.
3. Peto R, Lopez AD, Boreham J, Thun M, Health C Jr: Mortality from
tobacco in developed countries: indirect estimation from
national vital statistics.  Lancet 1992, 339:1268-1278.
4. Sterling TD, Rosenbaum WL, Weinkam JJ: Risk attribution and
tobacco-related deaths.  Am J Epidemiol 1993, 138:128-139.
5. Steenland K, Henley J, Thun M: All-cause and cause-specific
death rates by educational status for two million people in
two American Cancer Society cohorts, 1959–1996.  Am J Epi-
demiol 2002, 156:11-21.
6. Leistikow BN, Tsodikov A: Cancer death epidemics in United
States black males: evaluating courses, causation, and cures.
Prev Med 2005, 41:380-5.
7. Yoo C-I, Leistikow BN, Lee K, Jung K: Lung cancer death rate as
an index of tobacco smoke exposure: validation using
Korean male cancer death rates 1985–2002] in Korean,
abstract, tables, and figures in English.  Cancer Prev 2006,
11:176-182.
8. Leistikow B: Lung cancer rates as an index of tobacco smoke
exposures: validation against black male –non-lung cancer
death rates, 1969–2000.  Prev Med 2004, 38:511-515.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Cancer 2008, 8:341 http://www.biomedcentral.com/1471-2407/8/341
Page 7 of 7
(page number not for citation purposes)
9. Park H-Y, Leistikow B, Tsodikov A, Yoo C-I, Lee K: Smoke over-
load/cancer death rate associations in Korean females, 1985–
2004.  Prev Med 2007, 45:309-312.
10. Jha P, Peto R, Zatonski W, Boreham J, Jarvis MJ, Lopez AD: Social
inequalities in male mortality, and in male mortality from
smoking: indirect estimation from national death rates in
England and Wales, Poland, and North America.  Lancet 2006,
368:367-370.
11. SEER*Stat Database, 2005. National Cancer Institute, DCCPS: Sur-
veillance Research Program, Cancer Statistics Branch,
released April 2003. Underlying mortality data provided by
NCHS. 2005.  In Health, United States, 2004 National Center for
Health Statistics, CDC, DHHS, Hyattsville, MD; 2005. 
12. Health, United States, 2004: Hyattsville, MD: National Center for
Health Statistics, CDC, DHHS; 2005. 
13. Leistikow BN, Chen M, Tsodikov A: Tobacco smoke overload
and ethnic, state, gender, and temporal cancer mortality dis-
parities in Asian-Americans.  Prev Med 2006, 42:430-434.
14. Thun MJ, Henley SJ, Burns D, Jemal A, Shanks TG, Calle EE: Lung
cancer death rates in lifelong nonsmokers.  J Natl Cancer Inst
2006, 98:691-699.
15. U.S. Centers for Disease Control: Wide-ranging OnLine Data for
Epidemiologic Research (WONDER).   [http://wonder.cdc.gov/
cmf-ICD10.html].
16. Bailar JCD, Smith EM: Progress against cancer?  N Engl J Med 1986,
314:1226-1232.
17. Methodology: Estimating the Health Consequences of Smok-
ing. Office on Smoking and Health, Centers for Disease Con-
trol and Prevention.  2002 [http://apps.nccd.cdc.gov/sammec/
methodology.asp].
18. Cardenas VM, Thun MJ, Austin H, Lally CA, Clark WS, Greenberg RS,
Heath CW Jr: Environmental tobacco smoke and lung cancer
mortality in the American Cancer Society's Cancer Preven-
tion Study. II.  Cancer Causes Control 1997, 8:57-64.
19. Froom P, Melamed S, Kristal-Boneh E, Benbassat J, Ribak J: Healthy
volunteer effect in industrial workers.  J Clin Epidemiol 1999,
52:731-5.
20. Greenland S: Divergent biases in ecologic and individual-level
studies.  Stat Med 1992, 11:1209-1223.
21. Wiencke JK, Thurston SW, Kelsey KT, Varkonyi A, Wain JC, Mark EJ,
Christiani DC: Early age at smoking initiation and tobacco car-
cinogen DNA damage in the lung.  J Natl Cancer Inst 1999,
91:614-619.
22. Rockhill B: Theorizing about causes at the individual level
while estimating effects at the population level: implications
for prevention.  Epidemiology 2005, 16:124-129.
23. Vineis P, Alavanja M, Buffler P, Fontham E, Franceschi S, Gao YT,
Gupta PC, Hackshaw A, Matos E, Samet J, Sitas F, Smith J, Stayner L,
Straif K, Thun MJ, Wichmann HE, Wu AH, Zaridze D, Peto R, Doll R:
Tobacco and cancer: recent epidemiological evidence.  J Natl
Cancer Inst 2004, 96:99-106.
24. Thun MJ, Day-Lally C, Myers DG, Calle EE, Flanders WD, Zhu BP,
Namboodiri MM, Heath CW Jr: Trends in tobacco smoking and
mortality from cigarette use in Cancer Prevention Studies I
(1959–1965) and II (1982–1988).  In Changes in cigarette-related dis-
ease risks and their implication for prevention and control. NIH publication;
no. 97-4213, Smoking and tobacco control monograph, Smoking and
tobacco control monographs Volume 8. Edited by: LG David M Burns,
Jonathan M Samet. Bethesda: National Cancer Institute, NIH, PHS,
DHHS; 1997:305-382. 
25. Thun MJ, Heath CW Jr: Changes in mortality from smoking in
two American Cancer Society prospective studies since
1959.  Prev Med 1997, 26:422-426.
26. Doll R, Peto R: The causes of cancer: quantitative estimates of
avoidable risks of cancer in the United States today.  J Natl
Cancer Inst 1981, 66:1191-1308.
27. Ezzati M, Lopez AD: Measuring the accumulated hazards of
smoking: global and regional estimates for 2000.  Tob Control
2003, 12:79-85.
28. Gritz ER, Dresler C, Sarna L: Smoking, the missing drug interac-
tion in clinical trials: ignoring the obvious.  Cancer Epidemiol
Biomarkers Prev 2005, 14:2287-2293.
29. The World Health Report 2002.  World Health Organization,
Geneva; 2002. 
30. Schneider MF, Gange S, Williams CM, Anastos K, Greenblatt RM,
Kingsley L, Detels R, Muñoz A: Patterns of the hazard of death
after AIDS through the evolution of antiretroviral therapy:
1984–2004.  AIDS 2005, 19:2009-2018.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/8/341/pre
pub